Summary. An association between the incidence of childhood Type i (insulin-dependent) diabetes mellitus and the average yearly temperature in different countries has been reported, the incidence being higher in countries with a lower mean temperature. We have studied the effect of environmental temperature on the incidence of diabetes in an animal model of Type 1 diabetes, the non-obese diabetic (NOD) mouse. Female NOD mice were divided at weaning, with one group placed at a higher temperature (mean 23.7 + 1.7~ and the other at a lower temperature (21.0+ 1.8~ At 20 weeks of age 6 of 16 mice at lower temperature and 1 of 17 mice at higher temperature had developed diabetes (p < 0.02); at 30 weeks 10 of 16 and 5 of 17 mice had developed diabetes (p < 0.05). Non-diabetic animals in the low temperature group had a higher food intake than those in the high temperature group between 13-15weeks of age (28.0 _+ 1.2 g/week vs 24.8 + 0.7 g/week,p < 0.05). In a parallel experiment, histological examination showed that there were similar degrees of insulitis in the high and low temperature groups at seven weeks of age. We conclude that environmental temperature can affect the incidence of diabetes in the NOD mouse and that this may be related to alterations in food intake.
Type 1 (insulin-dependent) diabetes mellitus develops from an interaction of genetic, immunological and environmental factors [1] . Epidemiological studies can suggest possible causes but analysis is complicated by marked genetic variations both within and between populations. Animal models provide a useful tool with which to investigate the influence of environmental factors against a homogeneous genetic background. Diet and stress are among the factors that have been shown to influence the course of this disease in animal models [2, 3] .
The stimulus for this study was provided by the report of the Diabetes Epidemiology Research International Group (DERI) which provided the first set of standardized incidence estimates of Type 1 diabetes among divergent areas and ethnic groups [4] . They showed associations with latitude and average yearly temperature, such that the incidence of childhood Type i diabetes was higher in countries with a lower average yearly temperature. The aim of our study was therefore to investigate whether environmental temperature affects the incidence of diabetes in the non-obese diabetic (NOD) mouse, an animal model which shares several genetic, immunological and clinical characteristics with human Type 1 diabetes.
Materials and methods
Our NOD mouse colony was established in 1987 and derived originally from the colony of Dr. E.Leiter (Jackson Laboratory, Bar Harbor, Me, USA). The colony, which has been maintained by parallel line in-breeding, is characterised by the onset of insulitis at 3-5 weeks of age and the onset of clinical diabetes from approximately 10 weeks of age. There is a stable cumulative incidence of diabetes in females which approaches 50% at 30 weeks of age (47.4 _+ 3.6% ), with a peak of incidence at 22 weeks.
Forty female NOD mice were split into two litter matched groups at weaning, with four animals per cage. One group of animals, designated the high temperature group was placed near a radiator with extra bedding. The other, low temperature group was placed away from the radiator, near the door. Room temperature was recorded daily using maximum/minimum thermometers placed with each group. The animals were fed laboratory chow ad libitum, with a protein content of 19% an d a mean energy content of approximately 3000 KCal/Kg (Grain Harvesters Ltd, Wingham, UK); food intake was measured from the thirteenth week of age. Urinary glucose measurements were made weekly from the eleventh week of age and diabetes diagnosed on finding levels of glucosuria greater than Fourteen litter matched female mice were set up according to the same protocol but killed at seven weeks of age. Pancreata were removed, frozen in liquid nitrogen and stored at -70 ~ for histological investigation. Ten 6 gm cryocut sections from different areas of each pancreas were prepared and stained with haematoxylin/eosin. The islets in each section were screened "blind" for lymphocytic infiltration and classified according to the severity of insulifis. The percentage of islets in relation to the degree of lymphocytic infiltration (absent, mild or severe) was measured for each mouse and the average for each group was calculated as described elsewhere [5] .
Statistical analysis
For statistics paired t-test and comparison of proportion were used as appropriate. The incidence of diabetes in the colony was calculated using life-table analysis. 
Results
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Discussion
Changes in environmental temperature within the physiological range may be responsible for a significant difference in diabetes incidence in the NOD mouse. Animals kept at a higher temperatm'e have a lower incidence of diabetes than those kept at a lower temperature. This difference could be due to metabolic or immunological mechanisms, although there is now some evidence to suggest that these may be interlinked.
Mice provided with food ad libitum eat less when kept at higher temperature, since they require less energy to maintain their body temperature. This, together with a reduction in counterregulatory hormones, may alleviate stress on the compromised Beta cells and delay the onset of diabetes. A similar mechanism has been proposed to explain both seasonal variations in incidence [6] and the pubertal peak in incidence in man [7] .
Alternatively, reduced food intake may have a direct effect upon the autoimmune process. Some constituents of chow diet have been shown to be diabetogenic in the NOD mouse. Indeed, purified or semi-purified diets can reduce the incidence of diabetes and the degree of insulitis in this animal model [2] .
Lower food intake may cause a decrease in Beta-cell function, leading to decreased target Beta-cell autoantigen expression, thereby reducing the autoimmune response towards Beta ceils [8] . However, the histological findings indicate that the severity of insulitis is not affected by this difference in temperature at 7 weeks of age. Although the number of animals investigated was small, The mean high temperature was 23.7 + 1.7~ and the mean low temperature 21.0 + 1.8 ~ (p < 0.0001) (Fig. 1) . The average mean temperature difference achieved throughout the period of the study was 2.8~ (although the effective temperature difference would be greater due to the extra bedding given to the animals in the high temperature group). Figure 2 shows the cumulative incidence of diabetes in the mice kept at different temperatures. Deaths, unrelated to diabetes, reduced the number of animals in each group to 17 matched pairs, before 11 weeks of age. One non-diabetic mouse in the low temperature group died at 17 weeks of age and has been excluded from calculations of diabetes incidence. At 20 weeks of age 6 of 16 mice in the low temperature group had developed diabetes as compared to 1 of 17 mice in the high temperature group (p < 0.02). At 30 weeks of age 10 of 16 mice in the low temperature group and 5 of 17 mice in the high temperature group had developed diabetes; this difference was still significant (p < 0.05). Non-diabetic animals in the low temperature group ate an average of 3.2 g/week more than those in the high temperature group this observation suggests that the temperature difference does not modify the natural history of insulitis and probably does not influence early pathogenic events. However, this does not exclude the possibility that the resistance of Beta cells to immunological attack and/or their capacity to regenerate may be altered [9] . Viral infection is known to affect the incidence of diabetes in the NOD mouse [10] and since our colony is not kept in pathogen free conditions, infection remains a possible explanation for the difference in incidence. It is also possible that other less obvious environmental factors may have influenced the outcome of this experiment. For example, the proximity of the low temperature group to the dooi, possibly associated with an increase in stress, could have promoted the incidence of diabetes in this group.
In conclusion, this study indicates that differences in temperature, affect the incidence of diabetes in an animal model of Type 1 diabetes, the NOD mouse. The lower incidence at higher temperature may be due to reduced food intake before the onset of diabetes. The mechanisms underlying this effect require investigation since they may help to explain geographical variation in childhood Type 1 diabetes in man.
